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(54) Pole tips of a claw pole alternator 

(57) In an alternator of this invention, a ratio (t1/t2) 
between a radial thickness (t1 ) of a tip and a radial thick- 
ness (t2) of a root portion is within a range equal to or 
greater than 0.1 0 and equal to or less than 0.25, with a 
ratio (A/B) between a dimension (A) of overlap between 
a stator core and disk portions when viewed from a ra- 
dial direction and an axial dimension (B) of the disk por- 
tions being within a range equal to or greater than 0.2 


and equal to or less than 1 .0, and a ratio (Lp/Lc) between 
an axial length (Lp) of claw-shaped magnetic poles 
overlapping the stator core when viewed from a radial 
direction and an axial length (Lc) of the stator core being 
within a range equal to or greater than 0.7 and equal to 
or less than 0.9. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an alternator 
driven by an internal combustion engine, for example, 
and relates to an automotive alternator mounted to an 
automotive vehicle such as a passenger car or a truck, 
for example. 

2. Description of the Related Art 

[0002] Figure 1 2 is a cross section of a conventional 
automotive alternator, and Figure 13 is a perspective of 
a rotor 107 in Figure 12. 

[0003] This alternator is provided with: a case 3 con- 
stituted by a front bracket 1 and a rear bracket 2 made 
of aluminum; a shaft 6 disposed inside the case 3, a pul- 
ley 4 being secured to a first end portion of the shaft 6; 
a Lundell-type rotor 107 secured to the shaft 6; fans 
1 05a and 1 05b secured to first and second end surfaces 
of the rotor 107; a stator 108 secured to an inner wall 
surface inside the case 3; slip rings 9 secured to a sec- 
ond end of the shaft 6 for supplying electric current to 
the rotor 107; a pair of brushes 10 sliding on surfaces 
of the slip rings 9; a brush holder 1 1 for accommodating 
the brushes 10; a rectifier 12 electrically connected to 
the stator 108 for converting alternating current gener- 
ated in the stator 108 into direct current; and a regulator 
18 fitted onto the brush holder 11, the regulator 18 ad- 
justing the magnitude of the alternating voltage gener- 
ated in the stator 108. 

[0004] The rotor 107 is provided with: a rotor coil 13 
for generating magnetic flux on passage of an electric 
current; and a pole core 1 4 disposed so as to cover the 
rotor coil 13, magnetic poles being formed in the pole 
core 1 4 by the magnetic flux from the rotor coil 1 3. The 
pole core 14 is constituted by a first pole core portion 
121 and a second pole core portion 122 which are al- 
ternately intermeshed with each other. The first pole 
core portion 121 and the second pole core portion 122 
are made of iron, and are constituted by: first and sec- 
ond disk portions 201 and 202 which are surfaces per- 
pendicular to an axis; first and second claw-shaped 
magnetic poles 123 and 124 having a tapered shape 
extending axiaily from the disk portions 201 and 202 so 
as to face each other; and a cylindrical portion 200 con- 
necting the disk portions 201 and 202 to each other, a 
circumference of the cylindrical portion 200 being cov- 
ered by the rotor coil 13. 

[0005] As shown in Figures 14 and 15, on side sur- 
faces of the claw-shaped magnetic poles 123 and 124 
each constituting a facing surface between adjacent first 
and second claw-shaped magnetic poles 123 and 124, 
values of a and values of p are equivalent, where a is 
an angle formed between the side surface at a tip 123A 


of a claw-shaped magnetic pole 123 or 124 and a radial 
line of the claw-shaped magnetic pole 123 or 124, and 
P is an angle formed between the side surface at a root 
portion 123B of a claw-shaped magnetic poles 123 or 
5 124 and the radial line. 

[0006] Figure 1 6 is a perspective of the stator 1 08 in 
Figure 1 2, Figure 1 7 is a perspective of a stator core 1 1 5 
in Figure 1 2, and Figure 18 is a partial plan of the stator 
core 115 in Figure 17. 
10 [0007] The stator 1 08 is constituted by: a stator core 
115 formed by laminating a plurality of steel sheets for 
passage of a rotating magnetic field from the rotor coil 
13; and a three-phase stator winding 116 through which 
an output current flows. The stator core 1 1 5 is constitut- 
15 ed by: an annular core back 82; and a plurality of teeth 
81 extending radially inward from the core back 82 at a 
uniform pitch in a circumferential direction. The three- 
phase stator winding 116 is housed in a total of thirty- 
six slots 83 formed between adjacent teeth 8 1 . The teeth 
81 are constituted by: tip portions 85 projecting in a cir- 
cumferential direction of the stator 108; and stanchion 
portions 86 connecting the tip portions 85 and the core 
back 82. Gaps called opening portions 84 are formed 
between the tip portions 85 of adjacent teeth 81 . 
[0008] Moreover, this example is a three-phase alter- 
nator in which the total number of slots 83 is thirty-six 
and the total number of claw-shaped magnetic poles 
123 and 124 is twelve, the slots 83 being formed at a 
ratio of one per phase per pole. 
[0009] In the automotive alternator of the above con- 
struction, an electric current is supplied from a battery 
(not shown) through the brushes 1 0 and the slip rings 9 
to the rotor coil 1 3, generating a magnetic flux and giving 
rise to a magnetic field. At the same time, since the pul- 
ley 4 is driven by the engine and the rotor 1 07 is rotated 
by the shaft 6, a rotating magnetic field is applied to the 
stator core 115, generating electromotive force in the 
stator winding 116 and an output current is generated 
by an external load connected to the automotive alter- 
nator. 

[001 0] Now, the magnetic flux A generated by the ro- 
tor coil 13 leaves the first pole core portion 121, which 
is magnetized with north-seeking (N) poles, crosses an 
air gap between the rotor 107 and the stator 108, and 
enters the teeth 81 of the stator core 1 1 5. This magnetic 
flux A then passes through the core back 82, and flows 
from adjacent teeth across the air gap to the second pole 
core portion 122, which is magnetized with south-seek- 
ing (S) poles. 

[0011] The amount of magnetic flux, which deter- 
mines the output of the alternator, is itself determined 
by the magnetomotive force of the rotating magnetic 
field from the rotor 107 and magnetic resistance of the 
above magnetic circuit followed by the magnetic flux A. 
Consequently, if the magnetomotive force is constant, 
then it is important to shape this magnetic circuit so as 
to have minimal resistance. 

[0012] Furthermore, in order to improve the magne- 
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tomotive force, it is necessary to increase AT (the field 
current I multiplied by the number of turns n of conductor 
wires in the rotor coil 1 3), but AT is determined by instal- 
lation space for the rotor coil 1 3 inside the pole core 1 1 4. 
When the overall size of the rotor 107 is limited, it be- 
comes necessary to reduce the cross-sectional area of 
the magnetic path through the pole core 114 in ex- 
change for increases in installation space for the rotor 
coil 1 3, and as a result the above-mentioned magnetic 
resistance increases, reducing the amount of magnetic 
flux passing through the pole core 114 and preventing 
the magnetomotive force from increasing. 
[001 3] If attempts are made to increase the magneto- 
motive force by increasing the field current I while keep- 
ing the cross-sectional area s of the conductor wires and 
the number of turns n constant, the temperature of the 
rotor coil 13 increases due to copper loss in the rotor 
coil 13, and the resistance of the conductor wires in the 
rotor coil 13 rises due to the increase in temperature, 
reducing the field current I and preventing the magne- 
tomotive force from increasing after all. 
[0014] On the other hand, as shown in Figure 1 9, Jap- 
anese Patent Laid-Open No. HEI 11-164499 discloses 
an alternator aimed at increasing magnetomotive force 
by setting a ratio L1/L2 between an axial length L1 of 
the stator core 115 and an axial length L2 of the cylin- 
drical portion 200 within a range of 1 .25 to 1 .75, placing 
the disk portions 201 and 202 opposite the stator core 
115 so that the magnetic flux A flows directly from the 
disk portions 201 and 202 into the stator core 1 1 5, there- 
by increasing the cross-sectional area of the magnetic 
path through the pole core 114, and setting a ratio be- 
tween an outside radius R1 of the claw-shaped magnet- 
ic poles 123 and 124 and an outside radius R2 of the 
cylindrical portion 200 between 0.54 and 0.60, thereby 
increasing the cross-sectional area of the magnetic path 
through the cylindrical portion 200. 
[0015] However, in the automotive alternator accord- 
ing to the above Patent Laid-Open, no consideration at 
all has been given to the dimensions, shapes, etc., of 
the claw-shaped magnetic poles 123 and 124, and for 
example, when the ratio between the radial thickness of 
the tips 123A of the claw-shaped magnetic poles 123 
and 124 and the radial thickness t2 of the root portions 
of the claw-shaped magnetic poles 1 23 and 1 24 is large, 
in other words, when the thickness of the tips of the claw- 
shaped magnetic poles 123 and 124 is large, one prob- 
lem has been that the surface area of the side surfaces 
of the claw-shaped magnetic poles 123 and 124 which 
face each other is large even at the tips of the claw- 
shaped magnetic poles 123 and 124 and the amount of 
"magnetic flux leakage 0 increases, that is, a large por- 
tion of the magnetic flux flows from those side surfaces 
to the side surfaces of adjacent claw-shaped magnetic 
poles 1 24, reducing effective magnetic flux, and thereby 
leading to reduced output current. 
[0016] When the size of the entire rotor 1 07 is limited, 
another problem has been that there are constraints on 


winding a large number of conductor wires with respect 
to installation space for the rotor coil 1 3, making the out- 
put current low. 

5 SUMMARY OF THE INVENTION 

[0017] The present invention aims to solve the above 
problems and an object of the present invention is to 
provide an alternator in which output current is improved 
by increasing effective magnetic flux. 
[0018] In order to achieve the above object, according 
to one aspect of the present invention, there is provided 
an alternator wherein: a ratio (t1/t2) between a radial 
thickness (t1) of a tip of claw-shaped magnetic poles 
and a radial thickness (t2) of a root portion of the claw- 
shaped magnetic poles is within a range equal to or 
greater than 0.10 and equal to or less than 0.25 (0.10 
^ t1/t2 ^ 0.25), and 

a ratio (A/B) between a dimension (A) of overlap 
between a stator core and disk portions when viewed 
from a radial direction and an axial dimension (B) of the 
disk portions is within a range equal to or greater than 
0.2 and equal to or less than 1 .0 (0.2 ^ A/B ^ 1 .0). 
[001 9] According to another aspect of the present in- 
vention, there is provided an alternator wherein: 
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a ratio (Lp/Lc) between an axial length (Lp) of claw- 
shaped magnetic poles overlapping the stator core 
when viewed from a radial direction and an axial 
30 length (Lc) of the stator core is within a range equal 
to or greater than 0.7 and equal to or less than 0.9 
(0.7 =i Lp/Lc ^ 0.9). 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0020] 

Figure 1 is a cross section showing an automotive 
alternator according to Embodiment 1 of the 
40 present invention. 

Figure 2 is a perspective showing a stator in Figure 
1. 

Fgure 3 is an exploded perspective of the stator in 
Figure 1 . 

45 Figure 4 is a circuit diagram showing an electric cir- 
cuit in the automotive alternator in Figure 1 . 
Figure 5 is a perspective of a claw-shaped magnetic 
pole from Figure 1 . 

Figure 6 is a diagram of the claw-shaped magnetic 
so pole in Figure 5 when viewed from a tip end thereof. 
Figure 7 is a partial enlargement of Figure 1 . 
Figure 8 is a contour map of output current from the 
automotive alternator according to Embodiment 1 . 
Figure 9 is a graph showing a relationship between 
55 Lp/Lc and output current in the automotive alterna- 
tor according to Embodiment 1 . 
Figure 1 0 is a partial cross section of an automotive 
alternator according to Embodiment 2 of the 
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present invention. 

Figure 11 is a partial perspective of a rotor of an 
automotive alternator according to Embodiment 3 
of the present invention. 

Figure 12 is a cross section of a conventional auto- 
motive alternator. 

Figure 13 is a perspective of a rotor in Figure 12. 
Figure 14 is a perspective of a claw-shaped mag- 
netic pole from Figure 12. 
Figure 1 5 is a diagram of the claw-shaped magnetic 
pole in Figure 14 when viewed from a tip end. 
Figure 16 is a perspective of a stator in Figure 12. 
Figure 1 7 is a perspective of a stator core in Figure 
12. 

Figure 1 8 is a partial plan of the stator core in Figure 
12. 

Figure 19 is an explanatory diagram explaining a 
positional relationship between a stator core and a 
pole core. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Preferred embodiments of the present inven- 
tion will now be explained with reference to the draw- 
ings, members and portions the same as or correspond- 
ing to those in the conventional examples being given 
identical numbering. 

Embodiment 1 

[0022] Figure 1 is a cross section showing an auto- 
motive alternator according to Embodiment 1 of the 
present invention, Figure 2 is a perspective showing a 
stator 8 in Figure 1 , Figure 3 is an exploded perspective 
of the stator 8 in Figure 1 , Figure 4 is a circuit diagram 
showing an electric circuit in the automotive alternator 
in Figure 1 , Figure 5 is a perspective of a claw-shaped 
magnetic pole 23 from Figure 1 , and Figure 6 is a dia- 
gram of the claw-shaped magnetic pole 23 in Figure 5 
when viewed from a tip end thereof. 
[0023] This automotive alternator is provided with: a 
case 3 constituted by a front bracket 1 and a rear bracket 

2 made of aluminum; a shaft 6 disposed inside the case 
3, a pulley 4 being secured to a first end portion of the 
shaft 6; a Lundell-type rotor 7 secured to the shaft 6; 
cooling fans 5a and 5b secured to first and second axial 
end portions of the rotor 7; a stator 8 secured to the case 

3 so as to envelop the rotor 7; slip rings 9 secured to a 
second end portion of the shaft 6 for supplying electric 
current to the rotor 7; a pair of brushes 10 sliding on 
surfaces of the slip rings 9; a brush holder 1 1 for accom- 
modating the brushes 10; rectifiers 12 constituted by 
first and second rectifiers 1 2A and 1 2B electrically con- 
nected to the stator 8 for converting alternating current 
generated in the stator 8 into direct current; and a reg- 
ulator 1 8 mounted to a heat sink 1 7 fitted onto the brush 
holder 11, the regulator 18 adjusting the magnitude of 


the alternating voltage generated in the stator 8. 
[0024] The rotor 7 is provided with: a rotor coil 13 for 
generating magnetic flux on passage of an electric cur- 
rent; and a pair of first and second pole core portions 20 
5 and 21 disposed so as to cover the rotor coil 13, mag- 
netic poles being formed in the first and second core 
portions 20 and 21 by the magnetic flux from the rotor 
coil 13. The first and second pole core portions 20 and 

21 are made of iron and have a plurality of first and sec- 
10 ond claw-shaped magnetic poles 22 and 23, respective- 
ly, having a generally trapezoidal outermost diameter 
surface shape disposed on an outer circumferential 
edge portion at a uniform angular pitch in a circumfer- 
ential direction so as to project axial ly. The first and sec- 

15 ond pole core portions 20 and 21 are fixed to the shaft 
6 facing each other such that the first and second claw- 
shaped magnetic poles 22 and 23 intermesh. 
[0025] Inclined surfaces 22a and 23a inclined radially 
inward starting from outside the first and second end 

20 surfaces of the stator core 15 are formed on shoulder 
portions of the claw-shaped magnetic poles 22 and 23. 
[0026] Whereas values of a and (3 were equivalent in 
the conventional construction shown in Figure 17, a is 
greater than p (a > P) on side surfaces of the claw- 

25 shaped magnetic poles 22 and 23 each constituting a 
facing surface between adjacent first and second claw- 
shaped magnetic poles 22 and 23 in this example, 
where a is an angle formed between the side surface at 
a tip of a claw-shaped magnetic pole 22 or 23 and a 

30 radial line of the claw-shaped magnetic pole 22 or 23, 
and p is an angle formed between the side surface at a 
root portion of a claw-shaped magnetic poles 22 or 23 
and the radial line, twisted surfaces being formed on the 
side surfaces constituting the facing surfaces between 

35 adjacent first and second claw-shaped magnetic poles 

22 and 23. 

[0027] The stator 8 is constituted by: a cylindrical sta- 
tor core 1 5 formed by laminating a magnetic steel sheet; 
and a three-phase stator winding 1 6 installed in the sta- 

40 tor core 1 5. The stator 8 is held between the front brack- 
et 1 and the rear bracket 2 such that a uniform air gap 
is formed between outer circumferential surfaces of the 
claw-shaped magnetic poles 22 and 23 and an inner cir- 
cumferential surface of the stator core 15. 

45 [0028] Next, a construction of the stator 8 will be ex- 
plained with reference to Figures 2 to 3. 
[0029] Slots 14 extending axially are disposed in the 
stator core 1 5 at a uniform angular pitch (a pitch corre- 
sponding to an electrical angle of 30 degrees) in a cir- 

50 cumferential direction at a ratio of two per phase per 
pole. In other words, for twelve claw-shaped magnetic 
poles 22 and 23 in the rotor 7, seventy-two slots 14 are 
disposed in the stator core 1 5 to obtain the three-phase 
stator winding 1 6, which is composed of first and second 

55 three-phase alternating-current windings 160A and 
160B. Here, the slots 14 are arranged in order of an a- 
phase slot 14a, a d-phase slot 14d, a b-phase slot 14b, 
an e-phase slot 14e, a c-phase slot 14c, and an f-phase 
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slot 14f repeatedly in a circumferential direction. More- 
over, the slots 14 in each phase are disposed at a pitch 
of six slots. 

[0030] As shown in Figure 3, an a-phase winding 
phase portion 30a is constructed by winding a conductor 
wire composed of a continuous copper wire having a 
rectangular cross section coated with an electrical insu- 
lator for a predetermined number of winds into a wave- 
shaped pattern composed of twelve slot-housed por- 
tions 31a disposed at a pitch of six slots (6P) in a cir- 
cumferential direction and linking portions 31 b linking to- 
gether end portions of adjacent pairs of the slot-housed 
portions 31 a alternately at first and second axial ends. 
The a-phase winding phase portion 30a is installed in 
the stator core 1 5 such that the slot-housed portions 31a 
are housed in the respective a-phase slots 1 4a disposed 
at a pitch of six slots. The linking portions 31b linking 
together the end portions of the adjacent pairs of the 
slot-housed portions 31 a extend circumferentially axi- 
ally outside the stator core 15, constituting coil ends. 
Furthermore, b-phase, c-phase, d-phase, e-phase, and 
f-phase winding phase portions 30b, 30c, 30d, 30e, and 
30f are constructed in a similar manner. 
[0031] The a-phase, b-phase, and c-phase winding 
phase portions 30a, 30b, and 30c are installed in the 
stator core 15 so as to be circumferentially offset from 
each other by a pitch of two slots (2P) and stacked in 
three layers radially. 

[0032] Similarly, the f-phase, d-phase, and e-phase 
winding phase portions 30f, 30d, and 30e are installed 
in the stator core 15 so as to be circumferentially offset 
from each other by a pitch of two slots, to be stacked in 
three layers radially, and to be positioned on an inner 
circumferential side of the a-phase, b-phase, and c- 
phase winding phase portions 30a, 30b, and 30c. 
[0033] Thus, as shown in Figure 2, a stator 8 is ob- 
tained in which the six winding phase portions 30a to 
30f are installed in the stator core 1 5 so as to be stacked 
radially. Here, the six winding phase portions 30a to 30f 
are installed in the stator core 15 so as to line up from 
an outer circumferential side in order of the a-phase 
winding phase portion 30a, the b-phase winding phase 
portion 30b, the c-phase winding phase portion 30c, the 
f-phase winding phase portion 30f, the d-phase winding 
phase portion 30d, and the e-phase winding phase por- 
tion 30e. The coil ends (the linking portions 31 b) of the 
six winding phase portions 30a to 30f constitute front- 
end and rear-end coil end groups 16a and 16b of the 
three-phase stator winding 16. 
[0034] The a-phase, b-phase, and c-phase winding 
phase portions 30a, 30b, and 30c constructed in this 
manner are formed into a Y-connection (an alternating- 
current connection), constituting the first three-phase al- 
ternating-current winding 160A, and the d-phase, e- 
phase, and f-phase winding phase portions 30d, 30e, 
and 30f are formed into a Y-connection (an alternating- 
current connection), constituting the second three- 
phase alternating-current winding 160B. The first and 


second three-phase alternating-current windings 160A 
and 1 60B are connected to the first and second rectifiers 
1 2A and 1 2B, respectively, constituting the electrical cir- 
cuit shown in Figure 4. 

5 [0035] Moreover, the a-phase, b-phase, and c-phase 
winding phase portions 30a, 30b, and 30c are each giv- 
en a phase difference corresponding to an electrical an- 
gle of 120 degrees, and the d-phase, e-phase, and f- 
phase winding phase portions 30d, 30e, and 30f are 

io each given a phase difference corresponding to an elec- 
trical angle of 120 degrees. In addition, the d-phase, e- 
phase, and f-phase winding phase portions 30d, 30e, 
and 30f are given a phase difference corresponding to 
an electrical angle of 30 degrees relative to the a-phase, 

15 b-phase, and c-phase winding phase portions 30a, 30b, 
and 30c, respectively. 

[0036] In an automotive alternator constructed in this 
manner, an electric current is supplied from a battery 
(not shown) through the brushes 1 0 and the slip rings 9 

20 to the rotor coil 1 3, generating a magnetic flux. The first 
claw-shaped magnetic poles 22 on the first pole core 
portion 20 are magnetized into North-seeking (N) poles 
by this magnetic flux, and the second claw-shaped mag- 
netic poles 23 on the second pole core portion 21 are 

25 magnetized into South-seeking (S) poles. 

[0037] At the same time, the pulley 4 is driven by an 
engine and the rotor 7 is rotated by the shaft 6. A rotating 
magnetic field is applied to the stator core 1 5 due to the 
rotation of the rotor 7, generating an electromotive force 

30 in the three-phase alternating-current windings 160A 
and 160B of the three-phase stator winding 16. The al- 
ternating electromotive force generated in each of the 
three-phase alternating-current windings 160A and 
1 60B is converted into direct current by the first and sec- 

35 ond rectifiers 12A and 12B, respectively, and the mag- 
nitudes of the voltages output therefrom are adjusted by 
the regulator 1 8. Then, the output from each of the rec- 
tifiers 1 2A and 1 2B is combined to recharge the battery. 
[0038] Figure 7 is a partial enlargement of Figure 1 . 

40 [0039] In this drawing, the claw-shaped magnetic 
poles 22 and 23 in the automotive alternator according 
to this embodiment are formed such that a value of t1/t2 
is kept within a range from 0.10 to 0.25 (0.10 ^ t1/t2 ^ 
0.25) where t1 is the radial thickness of the tips of the 

45 claw-shaped magnetic poles 22 and 23 and t2 is the ra- 
dial thickness of the root portions of the claw-shaped 
magnetic poles 22 and 23. 

[0040] The rotor 7 is formed such that a value of A/B 
is kept within a range from 0.2 to 1 .0 (0.2 ^ A/B ^ 1 .0) 

so where A is a dimension of overlap between the stator 
core 15 and disk portions 301 of the pole core portions 
20 and 21 viewed from the radial direction and B is an 
axial dimension of the disk portions 301 . 
[0041] In addition, axial length of the claw-shaped 

55 magnetic poles 22 and 23 is set such that a value of Lp/ 
Lc is kept within a range from 0.7 to 0.9 (0.7 ^ Lp/Lc ^ 
0.9) where Lp is an axial length of the claw-shaped mag- 
netic poles 22 and 23 overlapping the stator core 15 
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viewed from the radial direction and Lc is an axial length 
of the stator core 15. 

[0042] Figure 8 is a contour map showing values of 
output current from alternators which the inventors ob- 
tained by experiment, the horizontal axis representing 
t1/t2 and the vertical axis representing A/B. 
[0043] As can be seen from this graph, when the value 
of t1/t2 is within a range 0.10 to 0.25 (0.10 Dt1/t2 □ 
0.25), and the value of A/B is within a range 0.2 to 1 .0 
(0.2 ^ A/B ^1.0), the value of the output current is equal 
to or greater than 99 amperes (A), making the value of 
the output current large. 

[0044] It is considered that when the value of t1/t2 is 
less than 0.10, the thickness of the tip portions of the 
claw-shaped magnetic poles 22 and 23 is too small, in- 
creasing magnetic resistance in those portions and 
thereby reducing the amount of magnetic flux flowing to 
the stator 8 from the claw-shaped magnetic poles 22 
and 23. 

[0045] It is considered that when the value of t1/t2 is 
greater than 0.25, the surface area of mutually-facing 
surfaces of adjacent first and second claw-shaped mag- 
netic poles 22 and 23 increases, increasing the amount 
of magnetic flux leakage in which the magnetic flux 
passes directly from the first claw-shaped magnetic 
poles 22 to the adjacent second claw-shaped magnetic 
poles 23, thereby reducing the amount of effective mag- 
netic flux and reducing the output current. 
[0046] It is considered that when the value of A/B is 
less than 0.2, the value of overlap between the stator 
core 1 5 and the disk portions 301 viewed from the radial 
direction is too small, reducing the amount of magnetic 
flux entering the stator core 1 5 from the root portions of 
the claw-shaped magnetic poles 22 and 23. 
[0047] It is considered that when the value of A/B is 
greater than 1 .0, the axial length of the stator winding 
1 5 is too large, giving rise to regions in the three-phase 
stator winding 16 where the magnetic flux is not linked, 
thereby reducing the output current. 
[0048] Figure 9 is a graph showing values of output 
current from alternators corresponding to Lp/Lc which 
the inventors obtained by experiment. 
[0049] As can be seen from this graph, the value of 
the output current is high when Lp/Lc is within a range 
from 0.7 to 0.9 (0.7 ^ Lp/Lc ^ 0.9). 
[0050] It is considered that when the value of Lp/Lc is 
less than 0.7, in other words, when the axial length of 
the claw-shaped magnetic poles 22 and 23 is too short, 
although magnetic flux flows into the stator core 15 
through the claw-shaped magnetic poles 22 and 23, re- 
gions arise in the three-phase stator winding 16 where 
the magnetic flux is not linked, thereby reducing the out- 
put current. 

[0051] It is considered that when the value of Lp/Lc is 
greater than 0.9, the amount of magnetic flux leakage 
flowing directly from the first claw-shaped magnetic 
poles 22 to the adjacent second claw-shaped magnetic 
poles 23 at the tip portions of the claw-shaped magnetic 


poles 22 and 23 becomes greater than the magnetic flux 
flowing around through the stator core 15, thereby re- 
ducing the amount of effective magnetic flux and reduc- 
ing the output current. 
5 [0052] In an automotive alternator of the above con- 
struction, because inclined surfaces 22a and 23a in- 
clined radially inward starting from outside the first and 
second end surfaces of the stator core 15 are formed 
on the shoulder portions of the claw-shaped magnetic 
10 poles 22 and 23, magnetic flux from the disk portions 
301 flows smoothly into the stator core 1 5 along the in- 
clined surfaces 22a and 23a, making the total amount 
of magnetic flux flowing into the stator core 15 larger, 
thereby making the output current greater. 
15 [0053] Because twisted surfaces are formed on the 
facing surfaces between adjacent first and second claw- 
shaped magnetic poles 22 and 23, the facing surface 
area at the tips 23A of the adjacent first and second 
claw-shaped magnetic poles 22 and 23 is reduced, en- 
abling magnetic flux leakage between the first and sec- 
ond claw-shaped magnetic poles 22 and 23 to be re- 
duced. 

[0054] Furthermore, the above automotive alternator 
is a three-phase alternator in which the total number of 
slots 14 is seventy-two and the total number of claw- 
shaped magnetic poles 22 and 23 is twelve, the slots 1 4 
being formed at a ratio of two per phase per pole and 
six slots being interposed between the first and second 
claw-shaped magnetic poles 22 and 23. The conven- 
tional examples are three-phase alternators in which the 
total number of slots 83 is thirty-six and the total number 
of claw-shaped magnetic poles 123 and 124 is twelve, 
three slots being interposed between the first and sec- 
ond claw-shaped magnetic poles 123 and 124. There 
are twice as many slots 14 in the automotive alternator 
according to Embodiment 1 by comparison, reducing 
circumferential dimensions of the tip portions 85 of the 
teeth 81 proportionately, thereby enabling the amount 
of magnetic flux leakage flowing between adjacent first 
and second claw-shaped magnetic poles 22 and 23 
through the tip portions 85 of the teeth 81 to be reduced. 
[0055] Because the conductor wires of the three- 
phase stator winding 16 have a rectangular cross-sec- 
tional shape, the space factor inside the slots 14 is in- 
creased, enabling the rotor 7 to be reduced proportion- 
ately in size. 

[0056] Because the thickness of the tip portions in this 
embodiment is small compared to the conventional 
claw-shaped magnetic poles 123 and 124 in which t1/t2 
is 0.3, for example, weight near the tips of the claw- 
shaped magnetic poles 22 and 23 is reduced, enabling 
radially-outward displacement of the claw-shaped mag- 
netic poles 22 and 23 during high-speed rotation to be 
suppressed proportionately, improving high speed tol- 
erance, and also enabling air gaps between the stator 
core 1 5 and the rotor 7 to be reduced, thereby improving 
output. In addition, it is possible to wind more conductor 
wire into the rotor coil 13 approaching a central portion 
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of the rotor 7 than on first and second end portions in 
an axial direction, enabling output to be improved. 

Embodiment 2 

[0057] Figure 1 0 is a partial cross section of an auto- 
motive alternator according to Embodiment 2 of the 
present invention, coil-facing surfaces 222A and 223A 
of first and second claw-shaped magnetic poles 222 and 
223 near the rotor coil 1 3 having a curved shape in which 
an intermediate surface is arched in a radially-outward 
direction. By adopting this kind of shape, the number of 
winds of conductor wire on the rotor coil 1 3 approaching 
a central portion of the rotor 7 from first and second end 
portions in an axial direction can be increased, enabling 
output current to be increased. 

Embodiment 3 

[0058] Figure 11 is a partial perspective of an auto- 
motive alternator according to Embodiment 3 of the 
present invention. 

[0059] In this embodiment, support members 400 for 
supporting first and second claw-shaped magnetic 
poles 22 and 23 are disposed between adjacent first and 
second claw-shaped magnetic poles 22 and 23. The 
support members 400 are trapezoidal, and first and sec- 
ond edge portions thereof are bent into a square bracket 
T shape, permanent magnets 401 being housed in 
these bent portions. 

[0060] These permanent magnets 401 are disposed 
such that sides facing the first and second claw-shaped 
magnetic poles 22 and 23 have the same polarity as the 
claw-shaped magnetic poles. 
[0061] By adopting this kind of construction, the 
amount of magnetic flux leakage between adjacent first 
and second claw-shaped magnetic poles 22 and 23 can 
be reduced, improving the output current. 
[0062] Moreover, the above embodiments have been 
explained as they apply to automotive alternators, but 
the present invention is not limited to automotive use, of 
course. 

[0063] As explained above, according to one aspect 
of the present invention, there is provided an alternator 
wherein: 

a ratio (t1/t2) between a radial thickness (t1 ) of a tip 
of claw-shaped magnetic poles and a radial thick- 
ness (t2) of a root portion of the claw-shaped mag- 
netic poles is within a range equal to or greater than 
0.10 and equal to or less than 0.25 (0.10 ^ t1/t2 
^0.25), and a ratio (A/B) between a dimension (A) 
of overlap between a stator core and disk portions 
when viewed from a radial direction and an axial di- 
mension (B) of the disk portions is within a range 
equal to or greater than 0.2 and equal to or less than 
1 .0 (0.2 ^ A/B ^ 1 .0), increasing the amount of ef- 
fective magnetic flux, and thereby increasing out- 


put. 

[0064] Furthermore, when compared with conven- 
tional constructions, which have a value of t1/t2 in the 
5 order of 0.3, weight near tips of the claw-shaped mag- 
netic poles is reduced, enabling radially-outward dis- 
placement of the claw-shaped magnetic poles during 
high-speed rotation to be suppressed proportionately, 
improving high speed tolerance, and also enabling air 
10 gaps between the stator core and a rotor to be reduced, 
thereby improving output. 

[0065] According to another aspect of the present in- 
vention, there is provided an alternator wherein: 

a ratio (Lp/Lc) between an axial length (Lp) of claw- 
shaped magnetic poles overlapping the stator core 
when viewed from a radial direction and an axial 
length (Lc) of the stator core is within a range equal 
to or greater than 0.7 and equal to or less than 0.9 
(0.7 ^ Lp/Lc ^ 0.9), increasing the amount of ef- 
fective magnetic flux, and thereby increasing out- 
put. 

[0066] A ratio (t1/t2) between a radial thickness (t1) 
of a tip of claw-shaped magnetic poles and a radial thick- 
ness (t2) of a root portion of the claw-shaped magnetic 
poles may be within a range equal to or greater than 
0. 1 0 and equal to or less than 0.25 (0. 1 0 ^ t1 /t2 ^ 0.25) , 
with a ratio (A/B) between a dimension (A) of overlap 
between the stator core and disk portions when viewed 
from a radial direction and an axial dimension (B) of the 
disk portions being within a range equal to or greater 
than 0.2 and equal to or less than 1 .0 (0.2 ^ A/B ^ 1 .0), 
and a ratio (Lp/Lc) between an axial length (Lp) of claw- 
shaped magnetic poles overlapping the stator core 
when viewed from a radial direction and an axial length 
(Lc) of the stator core being within a range equal to or 
greater than 0.7 and equal to or less than 0.9 (0.7 ^ U 
Lc ^ 0.9), further increasing the amount of effective 
magnetic flux, and thereby further improving output. 
[0067] a may be greater than p (a > P) on a side sur- 
face of a claw-shaped magnetic pole constituting a fac- 
ing surface between adjacent claw-shaped magnetic 
poles, where a is an angle formed between the side sur- 
face at a tip of the claw-shaped magnetic pole and a 
radial line through the claw-shaped magnetic pole and 
P is an angle formed between the side surface at a root 
portion of the claw-shaped magnetic pole and the radial 
line, twisted surfaces being formed on the facing surfac- 
es between adjacent claw-shaped magnetic poles, 
whereby facing surface area at the tip of the adjacent 
claw-shaped magnetic poles is reduced, reducing mag- 
netic flux leakage between the claw-shaped magnetic 
poles, thereby increasing the amount of effective mag- 
netic flux and improving output. 
[0068] An inclined surface inclined radially inward 
starting from outside an end surface of the stator core 
may be formed on a shoulder portion of a claw-shaped 
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magnetic pole, whereby magnetic flux from the disk por- 
tions flows smoothly into the stator core along the in- 
clined surfaces, making the total amount of magnetic 
flux flowing into the stator core larger, thereby making 
the output current greater. 

[0069] A rotor coil may be constructed such that more 
conductor wire is wound approaching a central portion 
of a rotor than on first and second end portions in an 
axial direction, increasing output. 
[0070] An intermediate surface of a coil-facing sur- 
face of a claw-shaped magnetic pole on a side near the 
rotor coil may be arched in a radially-outward direction, 
enabling more conductor wire to be wound approaching 
the central portion of the rotor than on the first and sec- 
ond end portions in an axial direction, thereby increasing 
output. 

[0071] A permanent magnet may be disposed be- 
tween claw-shaped magnetic poles such that a side of 
the permanent magnet facing a claw-shaped magnetic 
pole has identical polarity to the claw-shaped magnetic 
pole, reducing magnetic flux leakage between the claw- 
shaped magnetic poles. 

[0072] Slots may be formed at a ratio of two per phase 
per pole, enabling the amount of magnetic flux leakage 
flowing between adjacent claw-shaped magnetic poles 
through tip portions of teeth defining the slots to be re- 
duced, thereby improving output. 
[0073] Conductor wires of a stator winding may have 
a rectangular cross-sectional shape, increasing the 
space factor inside the slots, thereby enabling the rotor 
to be reduced proportionately in size. 


Claims 

1 . An alternator comprising: 

a rotor (7) in which north-seeking (N) and 
south-seeking (S) poles are formed alternately 
in a direction of rotation; and 
a stator (8) surrounding said rotor (7), 
said rotor (7) including: 

a rotor coil (13) for generating a magnetic 
flux on passage of an electric current; and 
a pair of pole core portions (20, 21) com- 
posed of: 

a cylindrical portion (300) onto which 
said rotor coil (13) is wound; 
disk portions (301 , 302) extending ra- 
dially outward from first and second 
end portions of said cylindrical portion 
(300); and 

a plurality of claw-shaped magnetic 
poles (22, 23) extending axially from 
said disk portions (301 , 302) so as to 
cover said rotor coil (13), said claw- 


shaped magnetic poles (22, 23) being 
magnetized with said north-seeking 
(N) and south-seeking (S) poles by 
said magnetic flux, and 

5 

said stator (8) including: 

a stator core (15) provided with a plurality 
of slots (14) formed so as to extend axially 
w and be spaced circumferentially; and 

a stator winding (1 6) installed in said stator 
core (15) by winding a conductor wire into 
said slots (14), 

15 wherein: 

a ratio (t1/t2) between a radial thickness (t1) of 
a tip of said claw-shaped magnetic poles (22, 
23) and a radial thickness (t2) of a root portion 
20 of said claw-shaped magnetic poles (22, 23) is 

within a range equal to or greater than 0. 1 0 and 
equal to or less than 0.25 (0.1 0 ^t1/t2 ^ 0.25), 
and 

a ratio (A/B) between a dimension (A) of over- 
25 lap between said stator core (1 5) and said disk 

portions (301 , 302) when viewed from a radial 
direction and an axial dimension (B) of said disk 
portions (301 , 302) is within a range equal to or 
greater than 0.2 and equal to or less than 1 .0 
30 (0.2 =i A/B ^ 1.0). 

2. An alternator comprising: 

a rotor (7) in which north-seeking (N) and 
35 south-seeking (S) poles are formed alternately 

in a direction of rotation; and 
a stator (8) surrounding said rotor (7), 
said rotor (7) including: 

40 a rotor coil (1 3) for generating a magnetic 

flux on passage of an electric current; and 
a pair of pole core portions (22, 23) com- 
posed of: 

45 a cylindrical portion (300) onto which 

said rotor coil (1 3) is wound; 
disk portions (301 , 302) extending ra- 
dially outward from first and second 
end portions of said cylindrical portion 

so (300); and 

a plurality of claw-shaped magnetic 
poles (22, 23) extending axially from 
said disk portions (301 , 302) so as to 
cover said rotor coil (13), said claw- 

55 shaped magnetic poles (22, 23) being 

magnetized with said north-seeking 
(N) and south-seeking (S) poles by 
said magnetic flux, and 
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said stator (8) including: 

a stator core (15) provided with a plurality 
of slots (1 4) formed so as to extend axially 
and be spaced circumferentially; and 
a stator winding (1 6) installed in said stator 
core (15) by winding a conductor wire into 
said slots (14), 

wherein: 

a ratio (Lp/Lc) between an axial length (Lp) of 
said claw-shaped magnetic poles (22, 23) over- 
lapping said stator core (1 5) when viewed from 
a radial direction and an axial length (Lc) of said 
stator core (1 5) is within a range equal to or 
greater than 0.7 and equal to or less than 0.9 
(0.7 =i Lp/Lc ^ 0.9). 

3. The alternator according to Claim 1 , wherein: 

a ratio (Lp/Lc) between an axial length (Lp) of 
said claw-shaped magnetic poles (22, 23) over- 
lapping said stator core (1 5) when viewed from 
a radial direction and an axial length (Lc) of said 
stator core (15) is within a range equal to or 
greater than 0.7 and equal to or less than 0.9 
(0.7 ^ Lp/Lc ^ 0.9). 

4. The alternator according to any of Claims 1 to 3 t 
wherein: 

a is greater than P(<x > P) on a side surface of 
a claw-shaped magnetic pole (22, 23) consti- 
tuting a facing surface between adjacent claw- 
shaped magnetic poles (22, 23), where a is an 
angle formed between said side surface at a tip 
of said claw-shaped magnetic pole (22, 23) and 
a radial line through said claw-shaped magnet- 
ic pole (22, 23) and p is an angle formed be- 
tween said side surface at a root portion of said 
claw-shaped magnetic pole (22, 23) and said 
radial line. 

5. The alternator according to any of Claims 1 to 4, 
wherein: 

an inclined surface (22a, 23a) inclined radially 
inward starting from outside an end surface of 
said stator core (15) is formed on a shoulder 
portion of a claw-shaped magnetic pole (22, 
23). 

6. The alternator according to any of Claims 1 to 5, 
wherein: 

said rotor coil (13) is constructed such that 
more conductor wire is wound approaching a 


central portion of said rotor (7) than on first and 
second end portions in an axial direction. 

7. The alternator according to any of Claims 1 to 6, 
5 wherein: 

an intermediate surface of a coil-facing surface 
(222A, 223A) of a claw-shaped magnetic pole 
(22, 23) on a side near said rotor coil (13) is 
io arched in a radially-outward direction. 

8. The alternator according to any of Claims 1 to 7, 
wherein: 

a permanent magnet (401) is disposed be- 
tween claw-shaped magnetic poles (22, 23) 
such that a side of said permanent magnet 
(401) facing a claw-shaped magnetic pole (22, 
23) has identical polarity to said claw-shaped 
magnetic pole (22, 23). 

9. The alternator according to any of Claims 1 to 8, 
wherein: 

said slots (14) are formed at a ratio of two per 
phase per pole. 

10. The alternator according to any of Claims 1 to 9, 
wherein: 

said conductor wires of said stator winding (16) 
have a rectangular cross-sectional shape. 
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FIG. 9 
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FIG. 15 
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FIG. 17 
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